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Abstract Castor (Ricinus communis L) is the primary host
plant of eri silkworm and its rhizosphere harbours diverse
group of microbial community with biofertilizer poten-
tiality. Phosphate solubilizing bacteria (PSB) render
available phosphate (P) in agricultural soil by P mineral-
ization process through enzyme mediated reaction. In
search for PSB strains, 15 castor rhizobacteria were iso-
lated and characterized for morphological and biochemical
properties. The isolates were screened in vitro for P solu-
bilization efficiency both qualitatively and quantitatively.
Isolate MAJ PSB12 produced highest soluble P concen-
tration (322.20 pmol/l) in National Botanical Research
Institute Phosphate medium after 96 h of incubation with a
maximum drop in pH to 5.4 from 7.0. Among the isolates,
maximum content of IAA (24.6 mg/l) and GA3 (3.921 mg/
1) was also found to be produced by the same strain. The
most potential isolate was identified as Bacillus firmus
MAJ PSB12 by 16S rRNA gene homology analysis and the
sequence was submitted to National Centre for Biotech-
nology Information GenBank. Although many species
belonging to the genus Bacillus are efficient P solubilizer,
application of native rhizobacteria is easier for adaptation
and succession during biofertilization process. B. firmus
MAJ PSB12 can be utilized as potential biofertilizer to
promote sustainable castor cultivation in sericulture for
upliftment of rural livelihood.
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Introduction

Castor (Ricinus communis L), an annual or biennial herb
belonging to the family Euphorbiaceae, is utilized as a
primary host plant of Eri silkworm (Samia ricini Donovan)
since time immemorial. S. ricini endemic to Northeast
India is a multivoltine sericigenous insect that produces Eri
silk and has been a good source of rural livelihood. Here,
the rate of production stream lies specifically in the proper
consumption of the quality leaves of the host plant.

The quantity and nutritional quality of castor leaf is
dependent on soil fertility. Phosphorus is the most impor-
tant limiting factors for growth and development of plants
just after nitrogen [1] and plays a decisive role in the
physiological processes of a plant body. Many sericulture
farmers of Northeast India mostly opt for adequate inor-
ganic phosphorus fertilizer, which is considered a major
source of heavy metal contamination in agricultural soils
[2, 3] and causes eutrophication of surface and ground-
water sources [4, 5]. In spite of low concentration and slow
rate of nutrient release as compared to synthetic fertilizers,
biofertilizers offer an eco-friendly, cost-effective and sus-
tainable alternative to chemical fertilizers [6-9].

Phosphorus mobilizing bacteria are a group of
microorganisms that produce phosphatase enzymes and
mobilize the insoluble form of phosphate, for direct
nutritional uptake by plants to reduce the utilization of
agrochemicals [10]. Phosphate solubilization is a complex
phenomenon and it depends upon nutritional, physiological
and growth conditions of the microorganisms inhabited in
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the rhizosphere [11]. Many of the bacterial and fungal
genera like Agzospirillum, Azotobacter, Pseudomonas,
Bacillus, Aspergillus, etc. have been reported earlier to
have growth promoting ability, reduction of nitrate and
solubilization of phosphate as well [12].

Organic acids released by rhizobacteria potentially
involve in different kind of soil reactions which include P
mobilization and cation uptake by plant root system.
Phosphorus mobilization efficiency in these processes
depends on the amount and the type of organic acids
released as well as on the physico-chemical properties of
soils [13]. Most of the soils around the globe lack available
P because it is easily converted into insoluble complexes
such as iron and aluminium hydrous oxides and calcium
phosphate complexes. Majority of organic acid secreting
bacteria are gram negative primarily belong to Proteobac-
teria. Although, few genera of gram positive bacteria
belongs to Firmicutes (e.g. Bacillus, Paenibacillus) and
Actinobacteria (Arthrobacter, Rhodococcus, Micrococcus)
are also reported to secrete organic acid [14].

There are very sporadic reports on the exploitation of
beneficial rhizospheric microorganisms as biofertilizer to
curtail the application of chemical fertilizers in sericulture
sector. Thus, it is an important aspect to introduce potential
strains which may help in redesigning the soil structure and
enhancement of the soil fertility [15].

In this study, an effort has been made to isolate, char-
acterize, screening for phosphatase activity and identifica-
tion of the most potential phosphate solubilizing bacteria
(PSB) from Castor rhizosphere soil of different localities of
Assam for subsequent formulation of an INM package in
sustainable Ericulture.

Material and Methods
Collection of Soil Samples

Castor rhizosphere soil samples were collected from vari-
ous localities of Assam, foothills of Nagaland and Aruna-
chal Pradesh, India. The samples were brought aseptically
to the laboratory in sterile poly-bags, stored at 4 °C and
processed within 24 h for further analysis [16].

Isolation and Enumeration of the Soil Bacteria

Phosphate solubilizing bacteria (PSB) were isolated by
serial dilution spread plate technique using Pikovskaya’s
Agar media. Ten gram (10 g) of soil sample was suspended
in 90 ml of sterile distilled water and serial dilutions were
prepared upto 1077, Aliquots from the dilutions were
inoculated and the plates were incubated (OVFU, O-CIS-
4D) aerobically at 32 °C for 96 h. After incubation the
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phosphate solubilizing microorganisms were selected
based on the zone of clearing around the colonies and
purified by repeated culturing. The purified PSB were
transferred to nutrient agar (NA) slant for further mainte-
nance at 4 °C. Enumeration of the microbial population
was done by total viable colony count method and
expressed as number of colony forming units (CFU) in
1 ml of the soil sample.

Morphological and Biochemical Characterization

Cultural characters of the pure isolates were studied on the
basis of colony elevation, margin, form, texture and opacity
[17]. The phenotypic morphological study was conducted
by Gram staining microscopy method using Gram staining
kit (Hi-media K0O1) as per the method described by Holt
et al. [18]. The stained bacterial cells were observed under
phase contrast microscope (Olympus, CKX41) and the
Gram reaction, shape, orientation etc for the efficient PSB
strains were recorded.

Biochemical characterization was carried out by test for
citrate utilization, phosphatase, urease, nitrate reduction,
glucose, arabinose, maltose, starch, Voges proskaur,
ONPG, catalase, arginine, sucrose, methyl red, gelatin
liquefaction, indole, H,S production, glycerol, trehalose,
xylose, adonitol, galactose, gluconate, lactose, melibiose,
rhamnose, ribose, sorbitol, xylitol and mannitol using
biochemical test kit (Hi-media Ltd., Mumbai, India) and as
per the Bergey’s Manual of Determinative Bacteriology.

Screening for Phosphatase Activity

Qualitative screening of the PSB isolates was carried out
by spot inoculation in petri-plates containing National
Botanical Research Institute’s Phosphate (NBRIP) media
(Glucose 10 g/l, Caz(POy), 5 g/, MgCl,. 6H,O 5 g/l,
MgS0O,. 7H,0 0.25 g/l, KC1 0.2 g/l, (NH,4),SO4 0.1 g/l,
Agar 15 g/l and pH adjusted to 7.0). The inoculated plates
were incubated at 32 °C for 48-96 h under aerobic con-
dition. The resultant formation of Halozone diameter
around the single colonies was measured and recorded.
Further, the solubilization index {the ratio of the total
diameter (colony + halozone) and the colony diameter}
was calculated [19, 20]. The potential isolates were there-
after selected for the quantitative estimation of available
phosphate.

Quantitative Estimation

Estimation of available phosphate was carried out by
Vanadomolybdate colorimetric assay method [21]. The
efficient PSB isolates capable of producing phosphate
solubilizing zone (PSZ) were further inoculated on
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Nutrient broth (NB) medium and incubated at 30 °C in
rotary shaker (100 rpm) to prepare the seed culture. Seed
culture of PSB isolates (1 x 10® CFU/ml) was then
transferred into a 250 ml flask in 3 replications per strain
containing sterilized liquid NBRIP medium (100 ml) and
incubated for different time intervals like 24, 48, 72 and
96 h with continuous shaking (REMI CIS-24 plus) at
30 °C. Sterilized un-inoculated NBRIP medium was trea-
ted as a control and inoculation with Bacillus subtilis
NCIM2063 served as positive control. The resultant pH
drop in the medium was recorded regularly at different
time intervals with pH meter (Eutech Cyberscan) and cell
numbers were estimated by standard plate count method
[22]. Ten ml aliquot of each culture and control were taken
after incubation and centrifuged at 10,000 rpm at 4 °C for
15 min and the clear supernatant was used to determine the
amount of phosphorus released into the medium. The
supernatant was incubated at 32 °C for 30 min and 5 ml of
each culture was transferred to test tube. Finally, 2 ml of
vanadomolybdate reagent was added to each tube and the
colour developed was measured spectrophotometrically
(Systronics 2202) at a wavelength of 420 nm. The avail-
able phosphorus was estimated by calibrating with standard
KH,PO, curve. Each treatment was replicated thrice and
data were expressed as the mean value + standard error.

TAA and GAj; Activity

Indole acetic acid (IAA) produced by PSB isolates was
estimated using tryptophan as per standard method
[23, 24]. The bacteria were cultured overnight on nutrient
broth and cells were collected by centrifugation at
14,000 rpm for 5 min. Cell pellets were suspended in 3 ml
of phosphate buffer (pH 7.5) containing glucose (1%) and
tryptophan (1%) and incubated at 37 °C for 24 h. After
incubation, 2 ml of 5% trichloroacetic acid and 1 ml of
0.5 M CaCl, were added and filtered through Whatman
paper no.2. Filtrates (3 ml) were taken in test tubes and
2 ml of salper solution (2 ml of 0.5 M FeCl; and 98 ml
35% perchloric acid) was added and mixed thoroughly.
Then the mixture was incubated for 30 min at room tem-
perature (25-28 °C) in dark. The absorbance of the colour
developed in the solutions was measured at 535 nm using
spectrophotometer (Systronics 2202).

Production of gibberellic acid (GA3) was determined by
following standard methodology [25]. Three ml of filtrate
obtained by the above method for IAA test was taken in
test tube and 2 ml of zinc acetate was added. After 2 min,
2 ml of potassium ferrocyanide was added and the solution
was centrifuged at 1000 rpm for 5 min. Five ml of 30%
HCI was added to the supernatant (5 ml) and incubated at
20 °C for 2 h. The absorbance of the sample was measured

at 254 nm using uv—Vis spectrophotometer including the
control (treated with 5 % HCI).

The concentrations of TAA and GAj; produced by the
PSB isolates were calculated by calibrating with standard
curve prepared by using graded concentrations of IAA and
GA; (Hi-media Ltd.) and expressed as mg/l. The overall
IAA and GA; productions of the PSB isolates were com-
pared with a control reference strain Bacillus subtilis
MTCC 441 procured from MTCC, Chandigarh.

Molecular Identification of the Potential PSB Isolate

Molecular identification of the most potential isolate was
carried out by 16S rDNA sequencing and homology study.
Isolation of DNA of the potential phosphate solubilizer
strain was done by standard methodology [26] using
Genomic DNA extraction kit manufactured by SRL Pvt.
Ltd., Mumbai (India). The DNA purity and quantity were
checked by spectrophotometer at 260 and 280 nm, respec-
tively. PCR amplification of 16S rDNA was done with
bacterial universal forward primer 16SF (5'-AGAGTTT-
GATCCTGGCTCAG-3') and reverse primer 16SR (5'-
ACGGCTACCTTGTTACGACTT-3') as described earlier
[27]. The PCR for the 16S rRNA gene was performed with
initial denaturation at 95 °C for 2 min followed by 35 cycles
consisting of 95 °C for 1 min, 55 °C for 1 min and 72 °C
for 1.5 min, followed by a final extension step of 5 min at
72 °C. The PCR products were purified using a QIAquick
PCR purification kit (Qiagen) according to the manufac-
turer’s instructions. The partial sequencing of the 16S rDNA
gene was carried out through the courtesy of DNA
sequencing service, Merck Millipore (Bangalore GeNei' ™),
Bangalore, India by using the same primer.

The partial 16S rDNA gene sequence homology was
analyzed through online BLAST programme by aligning to
the closest phylogeny with known taxonomic information
available at NCBI nucleotide database (http://www.ncbi.
nlm.nih.gov/BLAST). A phylogenetic tree was constructed
by the Neighbor Joining method [28] using CLUSTALW.
The identified gene sequence was submitted to NCBI
GenBank and accession number was obtained for further
reference.

Statistical Analysis

The arithmetic mean of three independent replications was
calculated and tested for standard deviation. Determination
of correlation co-efficient at 0.01/0.05 significance levels
among the microbial population (CFU/ml), pH and soluble
P concentration was carried out by the Statistical Analysis
System (SAS) with the help of statistical software pro-
gramme ‘SPSS version 16°.
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Results and Discussion

Eri sericulture is although an age old tradition particularly
in Northeastern part of India, modern studies in this field
are still lagging behind. Phosphorus is one of the most
imperative limiting factors of soil whether in organic or
inorganic form [1]. In spite of knowing the potentiality of
PSB in mobilization of phosphate and other inorganic
nutrients, the use of chemical fertilizers has become an
epidemic in sericulture sector. The extensive use of inor-
ganic fertilizers has threatened the sericulture/agriculture
sector by deteriorating the soil health of this region [29].
The present work attempted to access the potentialities of
the PSB, isolated from rhizosphere of naturally growing
castor varieties in this locality for subsequent exploitation
as biofertilizer.

Isolation and Characterization of PSB

In the present study, 360 pure cultures of PSB were isolated
from 30 castor rhizosphere samples collected from differ-
ent localities of Assam, foothills of Nagaland and Aruna-
chal Pradesh (India). Maximum population
(1.2 x 10° CFU/ml) of PSB was recorded as total viable
colony in the soil sample collected from Majuli and it has
been followed by the samples collected from Kaziranga,
Golaghat, Pasighat, Rowing, and Sadiya. Most of the PSB
isolates were found to be Gram positive rod shaped of
various sizes as given in Fig. la and arranged in different
orientations (Table 1). However, the amplified rDNA of

Fig. 1 Bacillus firmus MAJ
PSB12: a microscopic
photograph of Bacillus firmus
MAIJ PSB12; b amplified rDNA
of MAJ PSB12 with DNA
ladder (StepUp™ 500 bp);

¢ phylogenetic tree-based on the
16S rDNA sequence indicating
the position of strain MAJ
PSB12 (using Neighbor Joining
method)

MAJ PSB12 with DNA ladder (StepUp ™ 500 bp) is given
in Fig. 1b and the phylogenetic tree-based on the 16S
rDNA sequence indicating the position of strain MAJ
PSB12 (using Neighbor Joining method) is given in
Fig. lc.

All the PSB isolates exhibited diverse biochemical
properties (Table 1) during the analysis for the biochemical
tests as per Bergey’s Manual of Determinative Bacteriol-
ogy and Biochemical Test Kit (Hi-media Ltd., Mumbai).

Substantial populations of aerobic and anaerobic PSB
strains that have been reported from soil and plant rhizo-
sphere [30], but occurrence of aerobic strains was more in
submerged soil. Significantly, the PSB population was
denser in rhizosphere in comparison to the non-rhizo-
spheric soil [31]. It has also been reported that the popu-
lation level of PSB in rhizosphere soil varies depending
upon the plant, type of soil, season, climate, geographical
location etc. [32].

Screening of PSB

Out of 360 PSB isolates, 15 strains produced considerably
higher solubilization index, during in-vitro qualitative
screening in Pikovskaya’s agar medium. Isolate MAJ
PSB12 produced maximum solubilization index of 1.89,
3.0, 3.35 and 3.66 at 24 h, 48 h, 72 h and 96 h of incu-
bation, respectively. Besides, isolates MAJ PSB11, MAJ
PSB06 and MAJ PSBOS also exhibited higher P solubi-
lization activity in preliminary screening. Based on visual
plate screening and subsequent solubilization index for

» <LE kb Amplification |

b

NR_104749.1_Bacillus_subterraneus_strain_COOI3B

NR_043762.1_Bacillus_thioparans_strain_BMP-1
MAJPSBI12

NR_025842.1_Bacillus_firmus_strain_IAM_12464
NR_112635.1_Bacillus_firmus_strain_NBRC_15306

NR_115581.1_Bacillus_firmus_strain_JCM2512

NR_117285.1_Bacillus_oceanisediminis_strain_H2

NR_108492.1_Bacillus_purgationiresistens_strain_DS22
_ENR_I 18438.1_Bacillus_drentensis_strain_LLMG_21831
NR_043267.1_Bacillus_infantis_strain_SMC_4352-1
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Table 1 Morphological and biochemical properties of isolate no.
MAIJ PSB12

Characteristic features Result Characteristic features Result
Gram reaction Positive  Sugar utilization test
Morphology Rod Glucose +
Motility + Sucrose +
Starch hydrolysis + Mannitol +
Gelatin liquefaction + Glycerol +
Voges proskaur — Maltose +
Citrate utilization — Trehalose +
Indole production + Xylose -
H,S production — Arabinose +
Urea hydrolysis + Galactose -
Nitrate + Lactose -
Phosphatase + Rhamnose —
Catalase production + Ribose -
Methyl red + Sorbitol -
N-acetyl-p-Glucosamine 4+ Xylitol —
ONPG — Adonitol —
[-galactosidase — Melibiose —

phosphate solubilization ability, 15 PSB isolates were
selected for further assay.

P Solubilization

Total viable cell densities in CFU/ml, pH and amount of
soluble P in the NBRIP medium were determined at
different time intervals. Result showed that the bacterial
population and P concentration in broth culture increase
with the incubation period up to 96 h. The soluble P
concentration in the NBRIP medium after 96 h of incu-
bation was estimated ranging between 322.20 £ 10.78
and 95.81 £+ 10.67 pmol/l. Simultaneously, significant
decrease of pH of the medium up to 5.4 from an initial
pH of 7.0 was observed after 96 h. Out of 15 PSB iso-
lates, isolate MAJ PSB12 showed highest P solubilization
(322.20 £ 10.78 pumol/l) with maximum drop in pH to
5.4, followed by KAZ PSB03 with soluble P concentra-
tion 222.17 + 10.44 pmol/l (Fig. 2). Minimum concen-
tration of soluble P (95.81 + 10.67 pmol/l) was recorded
in MAJ PSBO03 with culture medium pH 7 after 96 h of
incubation at 30 °C. In the blank, i.e. un-inoculated
medium, no soluble P was detected as well no pH change
was recorded. On the contrary, in the Bacillus subtilis
NCIM2063 (positive control) culture, the concentration of
soluble P was 262.18 umol/l and the pH dropped to 5.8.
Statistically, the bacterial population and P solubilization
in NBRIP medium are positively correlated whereas pH
of culture broth is negatively correlated with soluble P

concentration at different time intervals. Qualitative
screening and quantitative assay of the PSB isolates
revealed that isolate MAJ PSB 12 is the most efficient
phosphate solubilizer which is considered for further
species level identification. Although, maximum pH drop
was directly proportional to the amount of soluble P
concentration, but some isolates performed a considerable
level of phosphate solubilization where the decrease of
pH was negligible.

In-vitro phosphate solubilization dynamics of the
isolates was carried out based on the measurement of P
release into culture broth, from the cultures grown in
medium containing insoluble P. In the present study,
maximum production of soluble phosphate was recorded
at 96 h of incubation with initial pH drop from 7 to 5.4.
Phosphate solubilization by the PSB isolates is nega-
tively correlated with pH, as it may be due to the pro-
duction of various organic acids during solubilization
process. The production of 8 different kinds of organic
acids by HPLC detection method was reported [33].
Production of acids leads to acidification of the media by
dropping the pH during P solubilization. Similar type of
negative correlation was reported earlier by several
workers [34]. On the contrary, some investigators
[35-37] reveal that pH is not correlated with P solubi-
lization particularly in case of P. aurantiogriseum [38]
and P. radicum [39] over a period of 7 days of
incubation.

TAA and GA; Production

Screening of results revealed that almost all the PSB iso-
lates are capable of producing IAA and GAj; (Fig. 3). Total
content of IAA synthesized by the isolates ranged from
8.5 £ 0.66 mg/l to 24.6 £ 0.37 mg per liter of nutrient
broth, whereas GA; production ranged from 0.123 + 0.13
to 3.921 £ 0.17 mg/l. Maximum content of IAA
(24.6 = 0.37 mg/l) was produced by isolate MAJ PSB12
and lowest production (8.5 £ 0.66 mg/l) was recorded by
isolate KAZ PSBO03 at 96 h of incubation. Considerably
higher amount of IAA was produced by isolates MAJ PSB
05 (21.19 %+ 0.35 mg/l), MAJ PSB 03 (20.39 + 0.48 mg/l)
and KAZ PSB 01(18.80 & 1.22 mg/l), in comparison to
the reference strain, B. subtilis MTCC 441 (17 mg/l).

Similarly, isolate MAJ PSBI12 synthesized highest
content (3.921 £ 0.17 mg/l) of GAj3 in nutrient broth in
comparison to control B. subtilis MTCC 441 (3.21 mg/l),
whereas minimum concentration of GA;
(0.123 £ 0.13 mg/l) was produced by MAJ PSBO1. Pro-
duction of GA; by isolates KAZ PSBO1 (3.417 £ 0.14 mg/
1), MAJ PSB11 (2.403 £ 0.35 mg/l) and MAJ PSB 03
(2.203 £ 0.32 mg/l) was also recorded.
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Fig. 2 P solubilization (pmol/l)
by PSB isolates at different time
intervals
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In the present study, most of the PSB isolates were
proficient in PGPR activity by synthesizing plant growth
promoting hormones like IAA and GAj;. Soil microorgan-
isms are reported to produce physiologically active TAA
which has great effect in plant growth and development.
Root exudates are natural source of tryptophan and 80% of
the rhizospheric bacteria utilize it as precursor for the
production of plant growth hormones [40—42]. Variation in
the production of IAA and GAj; among the isolates depends
upon the different metabolic pathway of PSB [40]. GA3
produced by PSB can influence the growth components of
higher plants which can improve the root growth and
eventually enhance the nutritional uptake from soil [43].
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Identification

Phenotypic study revealed that isolate MAJ PSB12 is rod-
shaped, size (length 2.0-3.2 uM x width 0.6-1.0 pM),
Gram-positive, aerobic and spore-forming. Based on bio-
chemical characterization the most efficient PSB isolate
was positive in hydrolysis of starch and production of
urease, catalase, nitrate reductase, phosphatase, methyl red,
gelatin liquefaction, indole, and arginine whereas showed
negative VP test, citrate, H,S production and ONPG test.
The bacterium, MAJ PSB12 assimilated glucose, arabi-
nose, maltose, mannitol, glycerol, sucrose, and trehalose
however did not utilize xylose, adonitol, galactose,
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gluconate, lactose, melibiose, rhamnose, ribose, sorbitol
and xylitol (Table 1).

A total of 1404 bp of 16S rRNA gene of the strain MAJ
PSB12 was amplified and sequenced using their respective
primers. The amplified gene has got approximate molecular
weight ~ 1.5 kb as resemblance to the StepUpTM 500 bp
DNA ladder (Fig. 1b). Comparison of these test sequences
against NCBI GenBank database was performed with
BLAST. As per the BLAST result, the 16S rDNA sequence
of isolate MAJ PSB12 has 99% sequence similarity having
highest score i.e. 2514 bits with Bacillus firmus NBRC
15306. Subsequently, a 16S rDNA gene sequence was
aligned and phylogenetic tree was constructed, which
shows the relationship between the isolate MAJ PSB12 and
closely homologous group of bacteria (Fig. 1c). Based on
the 16S rDNA homology to B. firmus, the isolate MAJ
PSB12 was referred to as Bacillus firmus strain MAJ
PSB12 with NCBI Gene Bank accession number
KMO068057. The DNA G+C content of strain MAJ PSB12
was determined as 41.0 mol percent. The most efficient P
solubilizer was identified as Bacillus firmus MAJ PSB12.
The 16S rDNA homology study is considered to be a
central measure to recognize microbial diversity and
identification of novel strains with a considerable variation
between species in both length and sequence of the 16S
rDNA ITS region [44]. It has already been reported that
bacterial species belonging to the genus Bacillus produce
2-ketogluconic, oxalic and succinic acids are capable of
solubilizing inorganic phosphates [45]. But, the advantage
of using native rhizosphere PSB over the bacteria isolated
from different localities or environment is an easier adap-
tation and succession during bio-fertilization process.

Conclusion

Use of bio-fertilizers has now become an immense demand
for sustainable agriculture [29]. Eri silkworm rearers of
northeastern part of the country are reluctant for applica-
tion of bio-fertilizers for host plant cultivation due to lack
of knowledge or awareness. This may be due to limitation
of studies in this particular field of host plant nutrition or
management. Successful introduction of biofertilizer
practice for silkworm host plant will be a boon towards
sustainable sericulture.

The present study concluded that Bacillus firmus MAJ
PSBI12 is efficient in solubilizing the insoluble tri-calcium
phosphate by producing multiple organic acids and thereby
leading to decrease in the pH of the culture medium.
Moreover, B. firmus MAJ PSB12 isolated from castor
rhizosphere is capable of producing plant growth promot-
ing substances like IAA and GAj;. Evaluation of in-vivo
efficiency of this bacterium is required for its utilization as

biofertilizer to minimize the application of inorganic P and
to reduce environmental pollution as well as to promote
sustainable castor cultivation for sericulture.
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